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ON THE S.TRENGTH OF SHIP BOTTOM PLATING

" ' Jo M, Kiltchieff

Schiffstechnlik, 2 (1954) 19-21, 84
{From German}

NOTATION
a Frame spacing
;’b Breadth of ship
R h Thickness of plate
‘ B ﬁbdu-lﬁ.s of elastlclty
- : 72 Poisson's ratlo
q Hyﬁros.t..a.'t‘lick pressure
ms
D = m—é}- Rigldity of plate
W, U, Deflection of plate, or maximum deflsction \
My Fixed ‘endir_noment of 4 em. wide pl.;a.r,e sr;rip
n An integer
. % Tensile stréss‘;. '
D
Kz = Oy [772 ﬂ} ’
it = v
o! Maximum bending stress

ama.x Greatest absolute value of combined stress
u Increase in frame spacing due to longitudinel bending of ship
4 cross sectional ares of longitudinal members excluding bottom plating

C, C, Distance of .G from bottom of keel for cross -sectional area of longltudinal
members without and with bottom plating :

I, I, corresponding inertia moments
. ¥ = Ifc, by = IO/CO Corresponding resisting moments

w - N Bending moment for longitudinal bending of shipa.
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1. The bottom plating 1s divided by frames and longitudinals into panels. Within such a
panel, each plate 1s loadeq in bendmg by the hydrostatic pressure and simultaneously stressed in
tension or compression by ).ongit:udinal bending of the (ship) hull. The bending deflection of
such a plate 1s sufficlently large to require its influence on the bending moment to De considered.
The basic assumption of Kirchhoft's t‘.heory of the rigld plate [1-4]* 1s, therefore, not fulfilled,
and the application of this . cheory may lead to errgneous results.

In ships' bottoms of usual construction, the panels are rectangles, of which ohe
side (spacing of longitudinal girders) 1s so long that the bent DPlate may be regarded as a
cylindrical envelope, the generating lines of which are parallel to such long slde {longltudinal).
Tis enables the as yet unsolved problem of the bending of thin plates to be equated to the much
simpler problem of the bending of a plate strip parallel to the short edge Of the plate (Figure 1).

The valldity of this procedure 1s indirectly conrlmed by the results of the Kirchhoff
theory, according to which, for a rectangular plate fixed at the edge, the maximum bending moment
éven for an aspect ratio of 21, differs only by 0.1% from that for a plate of infinite length.

2. Te differential equation of the elastic curve of a uniformiy-loaded strip is
dw
Da—x‘é = ;(‘W(G-X)—’ﬂo evesas (1)
from which, in known manner, for the freely supported plate:
1 a* x x12 rx
W = "—‘O-—-—O—l:_2 - + - sevs0s (2)
% D a a a
W, 5 9@ (5)
= me— — (X ' :
O ‘%4 L] D LA R X
and for a plate fixed at the edges: .
2 .
q X X
W oa - {_.] [ --) N . edssae (4}
a a ’ *
1
Yo" " —D cveres (5

These closed expressions [5] are not very sultable for further analysis, and are therefore
expanded in trigonometrical serles [6]; obtalning then, for the freely-supported plates

e ar
~ X
= 7—75-.15"‘\: ;l—s‘sin n‘na “svov e (6)
N=1
and for the plate fixed at the edges:
)
1 ;< 1 x
W = 8‘*’*4.—‘—"00 L'n‘z[.l"6082n77'a‘] sevans (7)
7r
M=l

Retaining, in equations (6) and (7), only the first terms of the expansions, we get
values of wo, differing only by 0.5% atd 1,5% from {3) and (5).

If in addivion to normal loading the plate strip is also uniformly stressed in axial
tenslon, the differentlal equation of the elastic curve will be:

Ddzw
axt

and, as above, for the freely supported plates:

-dxla-x)-m o +0p MW

[+ ]
N
P D LB (mea T

nel

W n'ITf ‘ [XYXYTY (8)
a

* For references, see end,
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or, for the plate fixed at the edges:

1 qa‘*v” 1 ‘ x
B ‘é? D an (n2+é)\2) ( cosJﬂTra} sevens (9}

For the fixed end moment In the last case:

ga?<— 1
[ E XXX 10)
"o [d w} 2L W ENE (
putting X = 4 L or A in the earlier equation (7):

03

1
cot X = d+2x£f__.x2 n27;2

whence
©
ATA L AT 1
o =7rh+7rgf__,.n2+n‘)xz
n=1

and equation (10) can be written in closed form:

9 '
7’2)\-2 [72 . coth 2 1} ‘ vesse (10)

which will be used presently.

comparing equations (8) and (9) with (6) and {7) and restricting cmsideration to the
first terms of the expansions, we get from {8) for the freely supported plate:

wQ X
W = Bsiﬂz‘r—' ssees (11)
1+A* a ‘

and fram (9) for the plate rlxed at the edges:

. '_‘ . w
W = I-:‘;‘Z—-}\—a [1 2 cos 2770} Iy (12)

It will be seen that positive axial forces (tension) reduce the bending deflection in

the ratic of 1:(1 + A?) and 1:(1 + # A\®) respectively. Negative axlal forces (compression,

A2 < (), on the other hand, Increase the amount of deflection, the values Ma-lanadM=-1
representing the bulging of a freely supported (Flgure 2) and a rigldly held (Flgure 3) plate
respectively, under axlal compression,

3 It has hitherto been assumed that the end cross—sections of the strip are free to Move
in the X-direction, and that the Intensity of the axial forces 1s known. We shall now examine

the case when these motions or displacements are Known.

The dlfference bstween the length of the bent strip and the frame spacing:

T wE
Jl + E} a~a
0

can be written, neglecting the higher-order terms:

- 2 : 2
1-1+é%]:‘cbc—axﬁrg-3 dx cense (18
o] 0" '
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Introduclng equation (12), this difference becomes, for a fixed strip:

17 27w, 72 x 17 7w 2 ‘ .
<L |, 22,2cd¢ & = L,______O —]
8[_(1+ Dl J:sm 7 2 LI+ 408 (14

Were the frame "spacingl to remain constant, this expression would be 1dentical with the
elongation of the strip, viz,:-

1-/2hba 1-,42n R |
Elh * E.h h 712— . e ssee (15)

I1f, however, the frame spacing 1s increased by the longitudinal bending of the strip, by
an amount 4, then, the elongation must be equated to the sume

17 mu, 2
. ,2"777272)] veeres (16)

If the bottom plating 1s removed I1n one frame space over the whole breadth of the ship
(Figure 4), and replaced by uniformly distributed forces (intensity o, ), then

A ¥
U (L %[crobh{ “;]"IQ] .

(1- ;ﬁ)—{ )\27120—[—+§]+ ]

Substituting this value In equation (16) and then comparing the latter with equation (15),

D- 1
-8 PR ot .....H,
(1-uo) 7 N h[,liibh[A*

we gets

- _29"’&1[ T”_”Q__.z
U= T o 5T on

or substituting for W, the valus according to equation (&), the equatlon:

AT 1 3(1-12 (ay? H
A 1.0 | S-p rayt i
Lzmn[f”;]” — ( l .

4 h] BI
3(1-48) fay?ray? 1 _
M7 (E] [Fz] (1+2N2)7 w

from which # A2 can be determined.

Considering that:

C-C = ¢C

Ip=I = bhe?-(c-cB(d+bh = bhe? ——

#bh d
I{4+bh+4bhc?

1 ey
c4 ; W[1+bh[z+_‘1f]j

we can write equation (17) in the following form:

Mo 314 2y L9 £ hora ay® 1
(] 3 [3)

7" TRE W' Tww W, (1+£N8)2

Wy =

shneve (18)
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1t A% >0, L.e. 1f the plating 1s stressed tn tension (in the wave hollow), the second term
on the right side of the equation, corresponding to the tension due to hydrostatic pressure
is usually small compared with the first term., It 1s thus possible to write (at any rate,
in first approximation): ’ ' e

N 8(1-u®) ray i .
—4— - ?-é’m [-;z] u‘-)'; R X = AR YE] {19)
X
or: o-o T — ) tesoae (2)}
Yo

The second approximation can then be calculated directly, by substituting the value of (19)
in the right hand side of equation (18); which, however, will very seldom be necessary.

1tA\?<0 (on the wave crest), the last multipller on the right hand side of
equation (18) > 1, but < 16/9, as will presently be shown,  The second term on the right side
thus remains small, also in thig case, and the calculation can also, in this case, be performed
in the manner shown above.

In considering the dending of the plate strip it has hltherto been agssumed that its end
cross—sections are fixed, which follows from the symmetry of the loading (Flgure 5).

This should not be agsumed, however, for the case of bulging the plate must then
rather be regarded as freely Jupported; . l.es .

N> =1, and (1+ 4NY"2< (1~ 42 = 169,

4o To 1llustrate the method better, an example will be taken which has been treated by
Timoshenko [6] according to Butnov's method [5] excepting that the frame spacing has. been
reduced from 40 1nches to 30 inches, in better agreement with real conditions,

The followlng dimensions are glven:
oh = 40;  Wy= BO.UP et W o= 182%.1F g = M3, 10 t/md
B < 20 . 10 Ye® . p o= 03 N o= 2 &D. 1P ons '
In the wave hollow (saggling), equation (19) glves the first approximaclon‘:'
M 320015 47 505

BN
4 7P xa0m =100 B 167

and equation {18} the correctlon:

2 g 2
[3"0-91_,;@6%] x 0-14”08] L L OB . )

wr T F0 S 120872 T 1287
. ‘ 2 V . : . ‘
Consequently: -Z = 0.2188.
Hence: '
A —— A
— = 70, = 1.470; —_— = e
3 mv0.2188 4707 coth 7. 0500

and, according to equation (107):

6 4, 3x 708 x 1074 1,470
- . T T — ] = 0 L633 = 0,49 t/en
2 o [0. 1] 0.7807 % 0.633 = 0.49 t/en

ro

t Xed

According to equation {20), we can put:

'y

3825
& e—— o t 2
% 0 1,04 t/em

and consequently:

o = 104+ 0,49 = 1,53 t/en?

max
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on the wave crest (hogging), the correctlon 1s, instead of equation (11):

0.000183
(1-0.2187)2 0
consequently:
2 A
>—\- = =~ 0.2184: 7—72—- = L#av/0.2184 = L481L;
A i
comz2—- = -1 cot 1,458 = -5.——773
1.468
I = 0707 {—9?7?1] - 0.9 t/en?
and: lolpay = 1:06+ 0,90 = 1.94 t/on®.
APPENDIX
5. To facllitate the calculation of o/, the values of
3 A N '
s |2 coth — - 1
=y rz ot ]

are ziven In the following tables: Table I, for gy > 0, and Teble II for oy < 0.

is then applied in the following form:

. I{—}—qaz
"o 7

Equation (10)

, | a ca
and: o = K. ;3 [Fl]
meE I A°>0
I FmA 0.0 02 0.4 0.6 0.8 1.0 1.2 1.2 1.4
K 1,000 0.997 0.989 0,877 0. 960 0.939 0.839 0. 918 0.80
A 1.8 : 1.8 | 20 | 2.5 3.0 3.5 4.0
K 0.862 - 0,834 0,806 o.'.vse 0,672 | 0.614 | 0,583
melEe 1. N2 <0
) |0 0.2 0.3 0.4 o5 | o 0.7 | 0.8 0.9 |
K 1,001 | 1,003 1.006 |- »1.011 1,017 | 1.025 | 1.034 | 1.045 | 1.059
AT 1.0 1.1 1.2 1.3. 1.4 1.5
i }onora | g1 |t 1.134 | 1.161 | 1.102

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030014-1



Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030014-1

[1]
[2]

(3
f4]
(s

[e]
[7]

Eo Lo

-7 -

REFERENCES

Fo PITZKER. "Festigkelt der Schiffe” (Strength of Ships). Berlln, 191i.

JOHOW~ FOERSTER. "Hil fsbuch f.d. Schiffbau# (shipbullder's Pocket Book),
Berlin, 1925.

W. DAHLMANN.  *Festlgkelt der Schiffe® (Strength of shlps). Berlin, 1926.
f3chiffbau Kalender®, 1941,

I. BUBNOV. Transs I,N.A. VOl. 44. #3trength of ships®, I and II;
St. Petersburg, 1912 and 1914 (in Russian).

S TIMOSHENKO. "Plates and Shells®, New York, 1940

HOTTE, I, 1925, D.58.

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030014-1



Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030014-1

Poorgs

Approved For Release 2007/10/23 : CIA-RDP78-04861A000400030014-1



